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Background: In order to determine reliable clues for early diagnosis of acute appendicitis, this study
was conducted to examine the related factors in patients with clinically suspected acute appendici-
tis.

Methods: We retrospectively analyzed 282 patients with the clinical diagnosis of acute appendicitis
at China Medical College Hospital in Taiwan from January to December 2000. To study the signif-
icant related factors of acute appendicitis, the t-test, chi-square analysis, and multivariate logistic
regression analysis were used.

Results: There were 153 males (54.3 percent) and 129 females (45.7 percent). The mean age was
30.3 + 17.4 years (range 1 to 81). The diagnostic rate of acute appendicitis was 86.2 percent . If the
combination of elevated C-reactive protein, leukocytosis and elevated neutrophil ratio was used,
satisfactory specificity and positive predictive value were achieved in diagnosing acute appendici-
tis. After controlling for the other covariates, the multivariate logistic regression analysis showed
that the significant related factors of acute appendicitis were male sex (odds ratio = 3.4; 95 percent
confidence interval = 1.6 to 7.3; p <0.01) and elevated neutrophil ratio (odds ratio = 4.6; 95 per-
cent confidence interval = 2.0 to 10.6; p <0.001).

Conclusions: If an elevated neutrophil ratio was observed, the probability of acute appendicitis was
increased in patients with clinically suspected acute appendicitis. Thus, neutrophil ratio appears to
be a good parameter for diagnosis of acute appendicitis in primary healthcare settings.

INTRODUCTION
and 92 percent [1-5]. Thus, accurate diag-

Acute appendicitis is one of the most
common problems requiring emergency
surgery [1]. It has been estimated that the
accuracy of the clinical diagnosis of acute
appendicitis is only between 76 percent

nosis of acute appendicitis is still difficult.
Delay in diagnosis leads to increased rates
of morbidity and mortality [2-3]. It is esti-
mated that 11.2 to 30 percent of acute
appendicitis patients suffer intestinal per-
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foration due to diagnostic delay [1, 6]. On
the other hand, the negative rate of appen-
dectomy varies from 15 to 30 percent [1,
7], but it may lead to postoperative com-
plications, such as adhesion [8-10] and
results in socio-economic consequences in
form of lost working days and reduced
productivity [4]. Thus, improving the
diagnosis of acute appendicitis in order to
prevent unneeded surgery is a critical topic
that has been debated often and vigorous-
ly. The use of laparoscopy, ultrasonogra-
phy, barium enema examination, and com-
puted tomographic scanning has improved
diagnostic accuracy [2-3, 8, 11], but these
diagnostic approaches are difficult to
apply in primary healthcare settings.
Some basic laboratory examinations
have been suggested as aids in the diagno-
sis of acute appendicitis. C-reactive pro-
tein (CRP)4, white blood cell counts
(WBC) and differential counts are sensi-
tive markers of inflammatory processes
[12-14]. These markers can be easily mea-
sured in primary healthcare settings.
However, the diagnostic role of these
inflammatory markers in acute appendici-
tis remains equivocal [8-12, 15]. Though
inflammatory markers have been dis-
cussed previously in other counties, up to
now only scant studies have been reported
about the association between acute
appendicitis and these inflammatory
markers in Taiwan. To extend these studies
to the health status of people in our coun-
try and to help primary care physicians
find reliable clues to accurately diagnoses
acute appendicitis and thus avoid unneces-
sary surgery, this study was conducted to
examine the related factors in patients with
clinically suspected acute appendicitis.

SUBJECTS AND METHODS

From January to December 2000, we
retrospectively analyzed the medical
records of all appendectomy patients with
clinically suspected acute appendicitis at

China Medical College Hospital, one med-
ical center in Taichung City, Taiwan. The
diagnosis of acute appendicitis was con-
firmed by histological examination in
every case. A total of 282 patients was
included in this study. Body temperature
was measured by infrared aural thermome-
ter (Genius, Sherwood, St. Louis,
Missouri) and in our hospital fever was
defined as a aural temperature greater than
37°C. Blood samples were collected for
determination of CRP, WBC and differen-
tial counts. CRP was measured by neph-
elometric  immunoassay (Beckman
Coulter, Inc., Fullerton, California) and in
our hospital elevated CRP was defined as
serum CRP value greater than 0.8 mg/dl.
WBC and differential counts were exam-
ined by an automatic cell counter (Cell-
Dyn®, 3500R System, Abbott Park, USA).
In our hospital leukocytosis was defined as
WBC greater than 11,000/mm?3 and elevat-
ed neutrophil ratio (NR) was defined as a
ratio of neutrophils to total white blood
cells exceeding 80 percent. The statistical
analyses were performed with the aid of a
SAS software package (Version 6.12, SAS
Institute, Inc., Cary, North Carolina). The
methods of statistical analysis were the t-
test, chi-square analysis, and multivariate
logistic regression analysis. Statistical sig-
nificance was defined as differences asso-
ciated with a p-value less than 0.05.

RESULTS

There were 153 males (54.3 percent )
and 129 females (45.7 percent ). The mean
age was 30.3 £ 17.4 years (range 1 to 81).
Histologic examination demonstrated 39
cases of normal appendix (13.8 percent),
211 cases of simple acute appendicitis and
32 cases of acute appendicitis with perfo-
ration. Thus, the diagnostic rate of acute
appendicitis was 86.2 percent. The charac-
teristics of laboratory data are shown in
Table 1. Subjects with acute appendicitis
had higher levels of body temperature,
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Table 1. Characteristics of the clinical data.

Acute
Variable Normal appendicitis p value
Age (years) 28.3+10.5 30.6 + 18.3 0.2610
Body temperature (2C) 36.7+1.0 37110 0.0254
C-reactive protein (mg/dl) 3.6+53 49+6.2 0.2238
White blood cell (/mm3) 12,445 + 4,079 14,948 + 4,868 0.0026
Neutrophil ratio (percent) 75.4 £ 8.3 80.7 £ 8.7 0.0004

WBC and NR (p < .05, p < .01 and p <
.001, respectively). The comparisons of
the related parameters for acute appendici-
tis are shown in Table 2. The significant
correlates of acute appendicitis by chi-
square analysis are sex, leukocytosis, and
elevated NR (p < .01). The specificity and
positive predictive value of elevated NR in
diagnosing appendicitis were 76.9 percent
and 94.2 percent, respectively. In contrast,
sensitivity was decreased when elevated
CRP, leukocytosis, and elevated NR were
used together in diagnosing acute appen-
dicitis, but specificity and positive predic-
tive value were increased. The results of
multivariate logistic regression analyses
for acute appendicitis are shown in Table
3. After controlling for the other covari-
ates, the significantly related factors in
acute appendicitis are male sex (odds ratio
= 3.4; 95 percent confidence interval = 1.6

to 7.3; p < .01) and elevated NR (odds
ratio = 4.6, 95 percent confidence interval
= 2.0 to 10.6, p < .001). No significant
association was found between acute
appendicitis and fever, elevated CRP, or
leukocytosis.

DISCUSSION

Diagnosis of acute appendicitis is pri-
marily established by the surgeon’s evalu-
ation based on clinical features, such as a
detailed medical history and physical
examination. Even so, the rate of appen-
dectomy where normal appendices are
found remains high, about 15 to 30 percent
[1, 7]. Though many diagnostic approach-
es, such as ultrasonography or computed
tomographic scanning, have improved
diagnostic accuracy [2-3, 8, 11], their
availability in primary healthcare settings

Table 2. Comparisons of the related parameters.

Positive Negative

Sensitivity Specificity predictive predictive

(percent) (percent) (percent) (percent)
Fever 32.1 76.9 89.7 15.4
CRP 68.3 35.9 86.9 15.4
wBC 81.9 38.5 89.2 25.4
NR 60.1 76.9 94.2 23.6
CRP + WBC 54.7 61.5 89.9 17.9
CRP + NR 424 84.6 94.5 19.1
WBC + NR 53.5 82.1 94.9 221
CRP + WBC + NR 37.0 87.2 94.7 18.2

CRP, elevated CRP; WBC, leukocytosis; NR, elevated neutrophil ratio.
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Table 3. Multivariate logistic regression analysis of the related factors in acute

appendicitis
Variable  Odds ratio  95% CI

Intercept 0.04 (0.5)
Gender (female as reference)

Male 1.2 (0.4) 34 1.6 to 7.3*
Body temperature (<37°C as reference)

>37°C 0.2 (0.4) 1.3 0.5t0 3.0
C-reactive protein (<0.8 mg/di as reference)

>0.8 0.1 (0.4) 1.1 0.5t02.5
White blood cell (<11,000/mm? as reference)

>11,000 0.7 (0.4) 2.0 0.91t04.3
Neutrophil ratio (<80 as reference)

>80 1.5 (0.4) 4.6 2.0 to 10.6**

EP, estimated parameter; SE, standard error; OR, odds ratio; Cl, confidence interval.

*p <.01; **p < .001.

and their high cost remain problematic.
CRP, WBC, and differential white cell
counts have been applied frequently in a
variety of diseases worldwide, and such
standard tests can be performed in medical
centers or in primary care without analyti-
cal variability or significant error [12-13,
16]. However, the diagnostic value of
these simple procedures in acute appen-
dicitis has been debated by many authors
and controversy still exists about which
inflammatory markers are relevant to diag-
nosis of acute appendicitis [5-11, 15]. In
our study, multivariate logistic regression
did not show a significant association
between acute appendicitis and elevated
CRP or leukocytosis; only elevated NR
was a significantly related factor. That is,
when clinical suspicion of acute appen-
dicitis was established, we could check the
NR. If an elevated NR was found, the
probability of acute appendicitis was sig-
nificantly increased. Because it is easily
measured and its cost is low, the NR is a
good parameter for diagnosis of acute
appendicitis in primary healthcare set-
tings. In addition, if the combination of
elevated CRP, leukocytosis, and elevated
NR was used, improved specificity and
positive predictive value were obtained in

diagnosing acute appendicitis. There were,
however, several limitations and addition-
al questions raised in this study. First, male
sex appears to be a risk factor of acute
appendicitis. Because of no mention of
this association in the previous literature,
we are unsure of the nature of this associ-
ation between sex and acute appendicitis.
The cause of this correlation needs addi-
tional investigation. Second, patients with
other types of abdominal pain also often
demonstrated elevated inflammatory
markers, which limits their uses in differ-
entiating these problems from acute
appendicitis. In such cases, these blood
tests yielded both false-positive and false-
negative results. It will be important to
study another group of patients with other
types of abdominal pain who did not
undergo appendectomy. Thus, we could
compare these two groups to obtain further
results. In conclusion, if elevated NR is
detected, the probability of acute appen-
dicitis appears to be increased in patients
with clinically suspected acute appendici-
tis. When elevated CRP, leukocytosis, and
elevated NR are used together, specificity
and positive predictive value are increased
in diagnosing acute appendicitis.



Ng et al.: The related factors in acute appendicitis

REFERENCES

L.

. Thompson,

Folkman, J. and Lund, D.P. Appendicitis.
In: Wyllie, R. and Hyams, J.S., eds.
Pediatric  Gastrointestinal  Disease.
Philadelphia: W.B. Saunders, 691-697,
1993.

. Rothrock, S.G. and Pagane, J. Acute appen-

dicitis in children: emergency department
diagnosis and management. Ann. Emerg.
Med. 36:39-51, 2001.

. Sadovsky, R. Diagnosis of acute appendici-

tis in children. Am. Fam. Physician 63:343-
344, 2001.

. Shakhatreh, H.S. The accuracy of C-reac-

tive protein in the diagnosis of acute appen-
dicitis compared with that of clinical diag-
nosis. Med. Arch. 54:109-110, 2000.

. Gronroos, J.M., Forsstrom, J.J., Irjala, K.,

and Nevalainen, T.J. Phospholipase A2, C-
reactive protein, and white blood cell count
in the diagnosis of acute appendicitis. Clin.
Chem. 40:1757-1760, 1994.

. Paajanen, H., Mansikka, A., Laato, M,

Kettunen, J., and Kostiainen, S. Are serum
inflammatory markers age dependent in
acute appendicitis? J. Am. Coll. Surg.
184:303-308, 1997.

. Gurleyik, E., Gurleyik, G., and Unalmiser,

S. Accuracy of serum C-reactive protein
measurements in diagnosis of acute appen-
dicitis compared with surgeon’s clinical
impression. Dis. Colon Rectum 38:1270-
1274, 1995.

M.M., Underwood, M.J,
Dookeran, K.A., Lloyd, D.M., and Bell,
PR. Role of sequential leukocyte counts
and C-reactive protein measurements in
acute appendicitis. Br. J. Surg. 79:822-824,
1992.

. Dueholm, S., Bagi, P., and Bud, M.

Laboratory aid in the diagnosis of acute
appendicitis. A blinded, prospective trial

10.

11.

12.

13.

14.

15.

16.

45

concerning diagnostic value of leukocyte
count, neutrophil differential count, and C-
reactive protein. Dis. Colon Rectum
32:855-859, 1989.

Rodriguez-Sanjuan, J.C., Martin-Parra, J.I.,
Seco, 1., Garcia-Castrillo, L., and Naranjo,
A. C-reactive protein and leukocyte count
in the diagnosis of acute appendicitis in
children. Dis. Colon Rectum 42:1325-
1329, 1999.

Ko, Y.S., Lin, L.H., and Chen, D.F.
Laboratory aid and ultrasonography in the
diagnosis of appendicitis in children.
Zhonghua Min Guo Xiao Er Ke Yi Xue Hui
Za Zhi 36:415-419, 1995.

Hansen, J.G. and Dahler-Eriksen, B.S. C-
reactive protein and infections in general
practice. Ugeskr. Laeger. 162:2457-2460,
2000.

Huang, Y.T., Wang, LM,, and Lee, C.H.
The significance of body temperature, C-
reactive protein and leukocytosis count in
acute illness in emergency department. J.
Emerg. Crit. Care Med. 11:102-110, 2000.
Benador, N., Siegrist, C.A., Gendrel, D.,
Greder, C., Benador, D., Assicot, M.,
Bohuon, C., and Girardin, E. Procalcitonin
is a marker of severity of renal lesions in
pyelonephritis. Pediatrics 102:1422-1425,
1998.

Lau, W.Y., Ho, Y.C., Chu, K.W., and Yeung,
C. Leucocyte count and neutrophil percent-
age in appendicectomy for suspected
appendicitis. Aust. N. Z. J. Surg. 59:395-
398, 1989.

Hobbs, ED., Kenkre, J.E., Carter, Y.H.,
Thorpe, G.H., and Holder, R.L. Reliability
and feasibility of a near patient test for C-
reactive protein in primary care. Br. J. Gen.
Pract. 46:395-400, 1996.



